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ABSTRACT

~

The Alberta oil sands near Ft.
McMurray, Alberta, have been estimated by many to contain at least
300,000,000,000 bbls of oil, and
would therefore be classed as the
largest potential oil field in the
world. 'Ib.e oil sand deposit is considered to be non-marine in o rigin
and consists mainly of very finegrained, angular, quartz grains with
the viscous oil actin g as a bindi ng
agent. Lenticular beds of clay and
extensive cross-bedding indicates
deltaic conditions with intermittent
flooding periods during deposition.
Extensive research has shown that
the problems of extraction, transportation, plant design and location are surmountable, and pil production from the sands is forseeable
in the near future.

111

THE ALBERTA OIL SANDS

-----

I. INTRODUCTION
Due to the inaccessability of the Fort McMurray area
the Alberta oil sands have been looked upon l?lerely as a
natural phenomenon until less than a century ago.

Out-

crops of the deposit were undoubtedly discovered along
the banks of the Athabaska River by the early explorers
of the Canadian northwest, but it was not until the tum
of the century that the geological groundwork was laid
by

s. c.

vey.

Ells, engineer for the Canadian Geological sur-

He located and mapped the outcrops of the sand ,

and helped to stimulate development of the deposit.

He

also supervised the drillin g of several wells near Pelican Rapids (See map fig. 1.), where gas was fou nd under
high pressure, but the oil was too viscous to flow.
(K. A. Clark, 1949, p.52).

several small oil companies

then became interested in the deposit , and with the Canadian Government the pioneer development of the sands was
initiated.

'lhe advent of World War II stimulated further

work on the sands and even today much work is being carried out by several oil companies in the area.
Since the oil in the sands is similar to other types
of crude oils, the trend has been to refer to the deposit
as "oil sands" rather than "tar sands."
be followed . in this paper.

e

'Ihe trend will

2

e
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II.

Location.

THE OIL SAND DEPOSIT

'!he general region of the oil sand deposit

lies between 56 degrees N latitude and 58 degrees N latitude with the east-west boundaries lying between the 110
and 113 degree meredians.

(See map fig 1. and 2.).

Major

outcrops of the deposit can be seen along the banks of the
Athabaska River and tributary streams from about 35 miles
south of McMurray northward for nearly 100 miles.
Transportation facilities into the area are very inadequate because of the rugged terrain, and consequently
private planes and boats are the only means of conveyance
to the rich deposits north of Fort McMurray.

The Northern

Alberta Railway Company operates a small freight and passenger servi.c e from Edmonton to Waterways where a fleet
of barges, owned by the Northern Transportation Company,
ferries .fuel and supplies to locations north of
A

aterways.

small landing strip is also kept in operation at Bitu-

mount where small planes are able to land personnel and
small equipment.
Extent.

e

Even though many wells have been drilled

and cored in the en tire area, the extent of the deposit
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is known in a qualitative way only.

Electric logs and

drill cutting samples from exploratory drilling in the
area may indicate the deposit to be 150 feet thick at one
location, while only a half mile away the oil sand may be
only a few feet thick.

'Ihe overburden ranges from only a

few feet to many hundreds of feet in depth.

The total

extent of the deposits has been estimated to underlie from
10,000 to 30,000 square miles of the region.

(Pasternack,

1953, p. 2).

'Ihe Mildred-Ruth Lakes area north of McMurray contains
the largest deposit, but other major deposits include the
Wheeler Island area, Muskeg River area, North steepbank
area, and the Horse River area.
Estimated Reserves.

(Fig. 2).

Obviously where the overburden

is such that the oil sand can be removed by strip mining,
the entire oil content is potentially recoverable.

Accord-

ing to Pasternack (1953, p. 3), in estimating the reserves
of the Mildred-Ruth Lakes area,
"'lhis locality indicated that 41 square miles
contained approximately 1,162,655,000 tons of
oil sand, the rate of sand to overburden being 2.6:1. That quantity of oil sand contains
approximately 900,000,000 bbls of oil, which
would be sufficient, at 90% recovery to operate a 20,000 bbl/day plant for 100 years."
We must remember that this is the estimate for only
one deposit in the area, and as a result estimates from
most authorities indicate that it would be possible to ex-

e

tract from 300-500 billion barrels of oil from the entire
deposit.

{Personal communication, R. Zewik1~ 1955).
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It has been estimated that slightly less than ! of
the deposit consists of good grade, minable sand, with an
oil' content of from 12-17% by weight, but at this stage
of development, it is not known which location would be
the most suitable for extraction and refining purposes.
(K. A. Clark, 1951, p.53),.
Lithology.

While travelling north along the Atha-

baska River from McMurray, several outcrops of the sand
are visible as cutbanks along the river.
are shown in Figure 3.

Typical outcrops

'Ihe formation cons is ts of massive,

cross-bedded, unconsolidated sandstones, in places interstratified with lenticular beds of clay and shales.

'Ille

lensing of the clay beds indicates floodi ng conditions
and the cross-bedding present is interpreted as indicating
that the sand deposit was laid down under deltaic conditions during deposition.

As will be noted later, p etro-

logical evidence indicates that the source rocks of the
deposit lay in an area to the east of the present deposit,
i.e. on the Canadian Shield.

If this is true, the fan.-

shaped deltaic deposit should thin rather gradually· to the
west.

Unfortunately, exploration in the area to d a te has

not been extensive enough to draw definite conclusions as
to this fact.
Microscopic examination of the oil s a nd indicates
that the sandy beds have their pore spaces filled with oil,
and a bed thus forms a compact, tenaceous mass.

The depo-

6

sit then is actually an aggregate of clay, sand, oil, and
interstitial water.

'Ihe specific gravity of the oil is

Figure 3. Typical Oil Sand Cutbank along Athabaska River. (Alberta ~ov•t. Photograph)
about 1.005-1.027, that is, about 6.5-9.5 degrees API.
(Clark, 1951, p. 50).

It may be concluded that the quan-

tity of the oil in the deposit rather than the quality
determines its significance.
III.

'IHE McMCJRRAY FORMATION

r.rhe name "McMurray" refers to the oil-bearing sand
formation of Lower Cretaceous age, which crops out along
the banks o.f the Athabaska River, and which underlies a

vast portion of the area.
'Ihe McMurray formation rests unconformably on a floor
of Devonian limestone, and is overlain by beds of clay and
shale.

'Ihere is a very definite change in depositional

environment between the McMurray and Clearwater formations,
but evidence from samples, electric logs, and visual exa-

7

mination of outcrops ind: cates that there is no unconformity between the formati ons.

(G. B. Mellon and J. H. Wall.,

1956 ., P • 7).

Stratigraphy.

'Ihe stratigraphic succession in the

Athabaska area is as f ollows:

(G. B. Mellon and J. H.

, all, 1956., p. 7).

I

Grand ~atids formation-sands one, siltstone., some
minor shale.

LOWER
C IIBTACEOUS

Clearwater formation-soft, gray or black marine
shale with minor glauconitic
sandstone beds, glauconitic
sandstone at base.
McMurray formation - massive to thick., cross-bedded
bitumen-impregnated sands
shaley and thitlller-bedded at top .

EROSIONAL DISCONFURMITY

UPPER

DEVONIAN

I

'

~

'lt!t'tl<:AI Scale

AOC>

ln

!'90

-feat:

Waterwa!s formation-fess liferous and shaley limestone, i n place s overlain by
clay of variable thickness

Fig.4. Stratigraphic Succession in Athabaska Area
'Ihe variation in thickness of the Mc:Murray formation
i s partly attributed to th e fact that the underl ying

ater-

ways formation undulates to a considerable degree.
Origin of Oil.

'Jher e are two basic concep ts brought

forth to explain the origin of the oil in the sands; (1)
Devon ian origin, (2) Lower Cretaceous origin.

8

e

Since the McMurray formation lies unconformably on
a floor of Devonian limestone, and since the Devonian reef
has been a source of oil in such reservoirs as the Leduc,
and Redwater fields of Alberta, some observers feel that
the oil has migrated through fissures and fractures in the
Devonian limestone and was introduced into the present
Cretaceous sands.

The oil migration is thought to have

taken place during and subsequent to the deposition of
the Lower Cretaceous · sands.

(Sproule, 1938, p. 1135).

'!his school of thought is apparently based on the assumption that a light oil has escaped from a nearby reservoir,
followed by the evaporation of this light oil into an oil
sand residue, namely, the McMUrray formation.

If this

were true, we would expect that other Cretaceous oils came
from similar reservoirs, the only difference being the
viscosity of the oil.

'Ihe fact that the oil has evaporated

to a greater degree could explain the heavier oil found in
the reservoir.

However, there are some areas that are

covered with overburden to a depth of 1000 feet or more,
but the oil is still too viscous to be recovered by conventional drilling methods.

Polymerization of the hydro-

carbons in the sands could also account for high specific
gravity and consequent low API of the oil.

(Personal com-

munication, N. N. Kohanowski).
It should also be noted that the eroded waterways formation is overlain by several feet of clay and shale beds.

9

Consequently these beds would tend to form an impermeable
cap rock over the limestone, thus trapping any oil which
might have migrated to the location •

.FUrthermore, even if

these argillaceous beds were not lithified prior to the
oil migration, a considerable amount of oil-staining caused
by the passage of the oil through the beds would be noted.
Visual examination of the beds indicates the absence of
such oil-stains.
An interesting argument 1n favor of the Devonian

theory is the fact that the Devonian reef oil and gas fields
of southern and central Alberta are contiguous reservoirs.
{Gussow, 1954, p. 827).

'Ihe source rocks for the oil were

probably located in the Rocky Mountain geosyncline to the
south.

The oil and gas migrated updip through the porous

reefs, displacing the salt water in each contiguous reservoir, thus leaving the gas in the sou th ernmost and
downdip reservoirs, while the oil was trapped further updip.

While it is true that saltwater is found south of

the oil sand deposit, the oil could very possibly have
migrated along branching channels, and was introduced into
the sands 300 miles north of Edmonton.
'lhe Cretaceous or "near source" theory for the origin
of the oil is based on the assumption that the oil was
formed at or near its present location, and that the oil
was deposited contemporaneously with the McMurray forma-

tion.

(Hume, p. 298).

To substantiate this theory, a

10

study of the trace metals in the Crotaceous oils in Alberta was carried out in 1954.

In comparing the oil sand

oil to other oils in Alberta, it was found that the ratios
of the oxides of iron, nickel, and vanadium were very
C

nearly constant.

/

(Scott, Hodgson, Collins, p.37).

'Ibis

fact being true, it would seem that the oil sand oil is
of Cretaceous origin
As yet, there is insufficient evidence to draw any
definite conclusions as to the origin of the oil in the
sands, but the author believes that with the present knowledge of the geology of the area, the Devonian theory
appears to be in harmony with the facts.
IV. HEAVY MINERAL ANALYSIS

Preparation.

F...ach of the three oil sand samples were

treated separately with benzene, alcohol, chloroform, and
ether to remove the oil from the sands.

'lhe original sam-

ple was weighed, the solvent agent added, and weighed
again.

It was found that the benzene removed about 90%

of the oil from the sand.

Humic acid was not found in

the sands.
Prior to the removal of the heavy minerals, the oilfree sand sample was examined under the microscope.

It

was found that the sample contained 85-90% of colorless to
transparent quartz grains.

The individual grains were an-

gular to subangular, with a sphericity of 0.5-0.7, and a

11

few grains found to be frosted and slightly pitted.

Shim-

mering flakes of light colored mica were very evident in
the sample and constituted about 5-10% of the total grains.
The sample could be described, therefore, as an unconsolidated, quartz-mica sandstone.
Mineral Separation and Description.

Using bromoform

(S. G. 2.87), the heavy minerals were separated from the
clean sand and washed with alcohol.

Results of the exami-

. nation under the binocular microscope are shown in Table
1.

TABLE 1. HEAVY MlN ERAL DESCRIPTION
Mineral

%

Description

Chalcopyrite

20%

Light to b.rassy yellow angular fragmen ts. Some grains possess slightly
greenish tinge.

Tourmaline

30%

Black, pink, or dark brown, striated,
asicular grains.

Garnet

20%

Seve ral perfect dodecahedrons. Black
to dark red, some crystalline faces
slightly distorted.

Illmenite &
Magnetite

15%

Magnetic , black, metallic, subrounded
grains .

Apatite ·.

5%

Pink, light green grains, slightly
orange aro~nd edges.

Orthoclase

4%

Light brown to flesh colored grain s;
900 cleavage.

Uni den tif ied

6~

I

V. SIEVE ANALYSIS
Particle Size.

After removing the oil from each of

the three sand samples, a sieve analysis was carried out,
and the results graphically presented.

(Fig. 5).
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'lhe analysis indicated that at least 60% of the grains
in each of the samples were retained on the 150-200 mesh

sieves.

Approximately 20% of the sample was retained on

the 100 mesh sieve, while the coarse and fine admixtures
retained on the 80 and 270 mesh sieves respectively, constituted the remaining 20%.

'Ihe modal size of the sample

ranged from 1/16-1/8 nnn, thus classifying the sample as a
vary fine grained sand.
Origin of Sediments.

Several conclusions may be

drawn regarding the origin and transportation of the sediments comprising the McMurray form.a tion.
The absence of the unstable minerals as olivine, pyroxene, biotite, amphiboles, and the plagioclase feldspars,
would indicate that a considerable amount of weathering
must have taken place prior to the deposition of the McMurray sediments.

'Ihe presence of such minerals as apa-

tite, quartz, muscovite, garnet, orthoclase, and tourmaline implies that these minerals resisted or survived the
weathering processes and were later eroded and transported
to the present McMurray sands.

If the source rocks for

the sediments were to the west of the present sands, such
as the cordilleran region, we would expect to find chert
and ,rock fragments,

;hich are characteristic of that re-

gion, but which are absent in the McMurray sands.
-/

den, 1951, p. 43).

( 'icken-
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We may also note that the angular character of the
quartz grains would indicate that the sediments had not
travelled

a

great distance nor were they subjected to a

rigorous transporting agent.

'Ihe sands are not pitted or

frosted to any degree, therefore it is the opinion of the
author that the sands comprising the McMurray formation
are fluvial rather than eolian.

rt is not illogical to

assume, therefore, that the source area for the McMurray
sediments was to the east, and consisted of an area of
low relief underlain by igneous rocks, 1. e. the Canadian
Shield.

The fact that the sample contained from 8-10%

coarse silt would possibly explain the lenses of clay,
which are prevalent in the entire area, and a deltaic association would be further indicated by the vertical accretion or wash load material in the sample.
VI. EXTRACTION P:OOCESSES

Laboratory and pilot plant experiments have indicated
that there are three basic, workable, economical processes
for extracting the oil from the excavated sands.
Hot Water Process.

D.le to the existing film of water

between the sand particle and oil film hot water readily
washes the oil from the sands.

'Ihe problem is to recover

oil that is as free of mineral matter as possible and to
obtain a high recovery.

'Ihe process is carried out by

pulping and heating the oil sand, after which an excess

15

of hot water is added, causing the oil to come to the surface as a buoyant froth.

It is estimated that a good grade

oil sand will yield about 80% recovery of oil.

However,

"the consumption of heat by this process is economically
prohibitive."

(Clark, 1951, p. 50).

Cold Water Separation.

A distillate, similar to kero-

sene, is added with comparatively cold water (770:F.), to
which NaC03 is added at the rate of one pound per ton.
The mixture is agitated and the oil comes to the surface
in a non-frothed state.
mated at 95%.

~ecovery by this method is esti-

(Clark, 1951, p. 50).

Continuous Retorting.

In this process, the oil is

heated and distilled into coke, gas, and a fluid distillate.
As with the hot water method, much heat is needed, and the

coke is useless because of the high sand content.

(Clark,

1951, P• 50).

VII. CONCLUSIONS AND FU'IURE DEVELOPMENT
As previously mentioned, only a small proportion of

the total acreage of the area underlain by the oil sands
has been cored, drilled, and assayed to any extent, that
would warrant immediate development of the sands.

Reali-

zing the enormous initial capital investment required to
experiment on plant design, "in situ" mining methods, extraction, and transportation, many major oil companies recently exploiting the area have abandoned the project to

e
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spend exploration dollars in other locations.

While it is

true that a single company could not tackle the problem
alone, a joint action involving several companies along
with the Canadian Federal, and Alberta Provincial governments, could provide the necessary capital.

Strife in the

Middle East, a constant threat of war with Russia, together
with the fact that oil reserves in the United States are
dwindling, could possibly "trigger" such a combined action.
'Ihe depletion of the once famous 'I\lrner Valley field,
and the subsequent discovery of the Leduc, Redwater, and
Pembina fields in Alberta has undoubtedly affected development of the sands, but the author is firmly convinced that
within the next 15 years the Alberta oil sands will be
producing a major part of the world's oil supply.
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